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Background: The use of a distal tibial allograft (DTA) for reconstruction of a glenoid defect in anterior shoulder instability has
grown significantly over the past decade. However, few large-scale clinical studies have investigated the clinical and radiographic
outcomes of the DTA procedure.

Purpose: To conduct a systematic review and meta-analysis of clinical studies with data on outcomes and complications in
patients who underwent the DTA procedure for recurrent anterior shoulder instability with glenoid bone loss.

Study Design: Systematic review and meta-analysis; Level of evidence, 4.

Methods: A comprehensive search of major bibliographic databases was conducted for articles pertaining to the use of a DTA for
the management of anterior shoulder instability with associated glenoid bone loss. Postoperative complications and outcomes
were extracted and compiled in a meta-analysis.

Results: Of the 8 included studies with 329 total participants, the mean patient age was 28.1 6 10.8 years, 192 (83.8%) patients
were male, and the mean follow-up was 38.4 6 20.5 months. The overall complication rate was 7.1%, with hardware complica-
tions (3.8%) being the most common. Partial graft resorption was observed in 36.5% of the participants. Recurrent subluxation
was reported in 1.2% of the participants, and recurrent dislocation prompting a reoperation was noted in 0.3% of the participants.
There were significant improvements in clinical outcomes, including American Shoulder and Elbow Surgeons score (40.9-point
increase; P \ .01), Single Assessment Numeric Evaluation (47.2-point increase; P \ .01), Western Ontario Shoulder Instability
Index (49.4-point decrease; P \ .01), Disabilities of the Arm, Shoulder and Hand (20.0-point decrease; P = .03), and visual analog
scale (2.1-point decrease; P = .05). Additionally, postoperative shoulder range of motion significantly increased from baseline
values.

Conclusion: The DTA procedure was associated with a low complication rate, good clinical outcomes, and improved range of
motion among patients with anterior shoulder instability and associated glenoid defects.
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Glenohumeral instability refers to the inability to maintain
the humeral head within the center of the glenoid fossa and
is generally classified according to its directionality, chronic-
ity, and cause as well as by associated labral, ligamentous,
and bony lesions.44 Anterior shoulder instability composes
the vast majority of shoulder instability events, followed
by posterior and multidirectional instability.28,46 Primary
and recurrent traumatic anterior instability are particularly

common in the young, athletic male population that engages
in high-impact sports.4,27,33,46 Recurrent shoulder instabil-
ity, often in the anterior direction because of an off-track
Hill-Sachs lesion, can contribute to the development of
bony lesions at the glenohumeral joint, including anterior
glenoid rim fractures (bony Bankart) in the acute setting
and glenoid bone loss in the chronic setting.32,40 Glenoid
reconstruction is often indicated for patients with signifi-
cant bone loss, as soft tissue procedures alone in these cases
are less effective in reducing recurrence.26,28 As surgical
techniques have evolved, a wide variety of open and arthro-
scopic procedures have been implemented for the manage-
ment of recurrent anterior shoulder instability with
glenoid bone loss, with a recent approach involving the
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use of a distal tibial allograft (DTA) for reconstruction of the
glenoid.9,12,19

The DTA procedure was first proposed in 2009 by Pro-
vencher et al,30 who described the use of the lateral aspect
of the distal tibia to address shoulder instability because of
its curvature, density, and articular surface characteristics
being highly concordant with what is needed to reconstruct
the glenoid. Since then, various modifications have been sug-
gested, including hybrid fixation, alternative graft prepara-
tions, and alternative revision sites; however, the procedure
itself has remained largely the same.5,21,36 Today, the DTA
is particularly useful in the management of significant gle-
noid bone loss (.25%), in the revision of failed bone block
procedures such as the Latarjet procedure, and in conjunc-
tion with soft tissue procedures such as Bankart repair.12,45

In addition, there have been multiple simulation and cadav-
eric studies supporting the efficacy of a DTA as well as clin-
ical studies demonstrating the shortcomings of other grafting
procedures for glenoid reconstruction in favor of DTAs,
including clavicle or iliac crest autografts, coracoid transfer
(Latarjet and Bristow), and fresh glenoid allografts.k

As this procedure has increased in popularity and
shown promise over the past several years, it is important
to understand the complication profile and longitudinal
outcomes of a DTA before it can be more widely adopted
into practice with confidence. However, few large-scale
clinical studies have investigated the clinical and radio-
graphic outcomes of the DTA procedure, contributing to
the lack of clarity in the literature regarding the risks
and outcomes of using a DTA for glenoid reconstruction.
As such, the present study aimed to conduct a systematic
review and meta-analysis of clinical studies with data on
outcomes and complications in patients who underwent
the DTA procedure for recurrent anterior shoulder insta-
bility with glenoid bone loss. We hypothesized that DTA
use in the management of glenoid bone loss would lead to
comparable clinical outcomes but lower complication rates
than those of other bone block procedures.

METHODS

Search Strategy

This systematic review and meta-analysis was performed
in accordance with the guidelines set forth by the PRISMA
(Preferred Reporting Items for Systematic Reviews and

Meta-Analyses) statement.24 A comprehensive search was
conducted using PubMed, Ovid MEDLINE, Embase, and
the Cochrane Library. Within PubMed, the initial search
used the following terms: ((shoulder) OR (glenoid) OR (gle-
nohumeral)) AND ((allograft) OR (bone graft)) AND ((tibia)
OR (tibial)); similar keywords were used to query the other
databases. All references and studies included in review
articles were examined to identify additional articles that
may have been missed by the initial search or were not
indexed in the chosen databases.

Selection Criteria

Title and abstract screening was performed, and studies
were initially included if they (1) pertained to the use of
a DTA as a therapeutic intervention, (2) were for shoulder
glenohumeral instability, and (3) were associated with gle-
noid bone loss. The full text of each study was then exam-
ined carefully, and studies were excluded if they were (1)
a duplicate of another study; (2) in a non-English language;
(3) an abstract only; (4) a review or meta-analysis; (5)
a commentary or editorial; (6) surgical technique, nonhu-
man, cadaveric, or laboratory study; (7) a future study
design; or (8) without any reported patient-reported out-
come measure (PROM) scores.

Data Extraction

Data collected from each study included demographic
information (sample size, age, sex, arm dominance), study
design, level of evidence, follow-up (mean duration, range,
number lost to follow-up), preoperative instability profile,
operative technique, complications, surgical outcomes, out-
come scores, and postoperative range of motion (ROM).
Data extracted regarding preoperative instability included
the number of instability events, the extent of glenoid bone
loss, and whether the DTA was used in an index or revision
procedure. Complications gathered included hardware
issues, graft incorporation, wound complications, nerve
palsies, and recurrent instability, as well as total complica-
tions. Surgical outcomes included graft resorption and
reoperations. Outcome scores included American Shoulder
and Elbow Surgeons (ASES) score, Single Assessment
Numeric Evaluation (SANE), Western Ontario Shoulder
Instability Index (WOSI), Disabilities of the Arm, Shoulder
and Hand (DASH), Constant score, visual analog scale
(VAS), and Simple Shoulder Test (SST).kReferences 1, 3, 6, 7, 10, 11, 14, 23, 25, 35, 42, 48.
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Risk-of-Bias Assessment

There were 2 authors (M.S. and R.B.) who independently
assessed the potential risk of bias of the included studies
using the methodological index for non-randomized studies
(MINORS) score. The authors reached a consensus based on
a further review and discussion on each point of disagree-
ment.39 According to published guidelines, items were given
a score of 0 if not reported, 1 when reported but inadequate,
and 2 when reported and adequate. The total score was 16
for noncomparative studies (8 items) and 24 for comparative
studies (12 items). On the basis of the historical usage of
these bias metrics, we considered noncomparative studies
with a score of 16 (or comparative studies with a score of
24) to have a low risk of bias, studies with a score between
12 and 15 (or 20-23 for comparative studies) to have
a medium risk of bias, and studies with a score \12 (or
\20 for comparative studies) to have a high risk of bias.

Statistical Analysis

All statistical analyses were performed using STATA soft-
ware (Version 16.0; StataCorp). Demographic and clinical
data were described using frequencies and proportions for

categorical variables and means and standard deviations
for continuous variables. Cumulative descriptive statistics
were calculated for all studies with available data on preop-
erative characteristics and postoperative complications.
Random-effects meta-analyses were performed for all avail-
able data on PROM scores (ie, ASES, SANE, WOSI, DASH,
Constant, VAS) and postoperative ROM (ie, abduction, flex-
ion, extension, internal rotation, external rotation). Missing
standard deviations, ranges, or confidence intervals,
required for the calculation of cumulative means, were
approximated as stated in the Cochrane Handbook.17

RESULTS

Search Results

The initial literature search and exclusion criteria are out-
lined in a PRISMA flow diagram (Figure 1). The search
yielded 364 studies, of which 8 were included in the final
analysis: 3 were retrospective cohort studies (level 3),
and 5 were case series (level 4). Based on the MINORS
score, 1 retrospective cohort study and 2 noncomparative
case series had a medium risk of bias, while the remaining
2 retrospective cohort studies and 3 noncomparative case
series had a high risk of bias (see Appendix Table A1, avail-
able in the online version of this article). None of the stud-
ies included in this review had a low risk of bias.

Participant Characteristics

Participant demographic characteristics are summarized
in Table 1. From the 8 studies, 329 participants were
included in this study.2,13,29,31,34,43,49,50 The mean age
was 28.1 6 10.8 years,2,13,29,34,43,49 and 192 (83.8%) were
male.2,13,29,31,34,43 Anterior shoulder instability was evenly
distributed across either upper extremity (46.3% right
shoulder)2,34,43 and associated with significant glenoid
bone loss (26.0%).2,13,29,49,50 The mean follow-up after the
DTA procedure, whether index (51.0%) or revision
(49.0%),2,13,29,31,34,43,50 was 38.4 6 20.5 months.2,13,34,49,50

Postoperative Complications

The overall complication rate after a DTA was 7.1%,2,13,29,34,43

with hardware complications (3.8%)2,13,29,31,34,43,49 (particu-
larly symptomatic hardware [1.7%]2,13,29,31,34,43,49) comprising

Figure 1. PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) flow diagram describing the
inclusion and exclusion of identified studies. DTA, distal tibial
allograft.

TABLE 1
Participant Characteristics

No. of
Participants

No. of
Studies

Mean 6 SD
or n (%)

Age, y 262 6 28.13 6 10.81
Male sex 229 6 192 (83.84)
Right shoulder 121 3 56 (46.28)
Glenoid bone loss, % 219 5 25.98 6 9.28
Index procedure 263 7 134 (50.95)
Follow-up, mo 201 5 38.38 6 20.51
Total 329 8 —
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the vast majority of cases. Other complications, including graft
(1.5%),2,13,29,31,34,43,49,50 wound (0.7%),2,13,29,31,34,43,49 and nerve
(0.7%)2,13,29,31,34,43,49 complications, were less commonly
reported. These complications are further illustrated in
Table 2.

Surgical Outcomes

Among the 329 participants, partial graft resorption was
relatively common (36.5%) postoperatively (Table
3).2,13,29,31,34,43,49,50 However, a recurrent subluxation
(1.2%) and dislocation (0.3%) were only noted in a small
minority of participants.2,13,29,31,34,43,49,50 Only 1 partici-
pant (0.3%) required revision surgery because of a recur-
rent dislocation.2,13,29,31,34,43,49

Clinical Outcomes

Meta-analyses of participants’ PROM scores (see Appendix
Figures A1-A7, available online) revealed significant
improvements for the ASES score (40.9-point increase;
P \ .01),13,29,31,34 SANE (47.2-point increase; P \
.01),13,29,31,34 WOSI (49.4-point decrease; P \
.01),13,29,31,49 DASH (20.0-point decrease; P = .03),34,49

Constant score (48.6-point increase; P = .01),34 and VAS
(2.1-point decrease; P = .05)13,34 (Table 4). No significant
preoperative to postoperative changes were noted for the
SST (15.8-point increase; P = .18).13,34

Postoperative shoulder ROM across all studies
improved from baseline values (Table 5). However, it never
corrected to normal values as defined by the American

Academy of Orthopaedic Surgeons, with abduction return-
ing only to 137.9� (vs 180� normal),13,31 flexion to 160.1� (vs
180� normal),13,31,34 extension to 50.3� (vs 60� normal),13

internal rotation to 53.9� (vs 70� normal),13 and external
rotation to 56.2� (vs 90� normal).13,31,34

DISCUSSION

The use of a DTA for reconstruction of the glenoid in shoul-
der instability has grown significantly over the past
decade. With its rising utilization, there is concern about
complications and poor longitudinal outcomes after the
DTA procedure. Through a systematic review and meta-
analysis, the present study found that the application of
a DTA in the setting of anterior instability and glenoid
bone loss was associated with a relatively low complication
rate, good surgical and clinical outcomes, and improved
ROM. Although longitudinal randomized controlled trials
are required to thoroughly elucidate its advantage over
other commonly performed procedures, our findings high-
light the utility and effectiveness of a DTA in the manage-
ment of glenoid bone loss and anterior shoulder instability.

TABLE 3
Surgical Outcomes

No. of
Participants

No. of
Studies

Effect Size
(95% CI)

Graft resorption 329 8 36.47 (31.26-41.93)
Recurrence 329 8 1.52 (0.50-3.51)

Subluxation 1.22 (0.33-3.08)
Dislocation 0.30 (0.01-1.68)

Revision procedure 293 7 0.34 (0.01-1.89)

TABLE 2
Postoperative Complications

No. of
Participants

No. of
Studies

Effect Size
(95% CI)

Hardware 293 7 3.75 (1.89-6.62)
Symptomatic 1.71 (0.56-3.94)
Broken screw 0.34 (0.01-1.89)
Other 1.71 (0.56-3.94)

Graft nonunion 329 8 1.52 (0.50-3.51)
Wound 293 7 0.68 (0.08-2.44)

Superficial infection 0.34 (0.01-1.89)
Dehiscence 0.34 (0.01-1.89)

Nerve pain 293 7 0.68 (0.08-2.44)
Total 196 5 7.14 (3.95-11.69)

TABLE 5
Postoperative Range of Motion

No. of
Participants

No. of
Studies

Effect Size
(95% CI)

Abduction
(normal = 180�)

81 2 137.85 (130.70-145.01)

Forward flexion
(normal = 180�)

93 3 160.06 (158.19-163.14)

Extension
(normal = 60�)

50 1 50.25 (43.67-56.83)

Internal rotation
(normal = 70�)

50 1 53.87 (48.93-58.81)

External rotation
(normal = 90�)

93 3 56.15 (30.47-81.86)

TABLE 4
Preoperative Versus Postoperative Outcome Scoresa

No. of
Participants

No. of
Studies

Mean Difference
(95% CI) P

ASES 118 4 40.90 (29.23 to 52.57) \.01
SANE 118 4 47.24 (44.51 to 49.96) \.01
WOSI 172 4 –49.37 (–56.24 to 242.50) \.01
DASH 78 2 –20.02 (–38.59 to 21.45) .03
Constant 11 1 48.60 (7.07 to 90.13) .01
VAS 62 2 –2.10 (–4.21 to 0.01) .05
SST 62 2 15.84 (–7.44 to 39.32) .18

aASES, American Shoulder and Elbow Surgeons; DASH, Dis-
abilities of the Arm, Shoulder and Hand; SANE, Single Assess-
ment Numeric Evaluation; SST, Simple Shoulder Test; VAS,
visual analog scale; WOSI, Western Ontario Shoulder Instability
Index.
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Glenoid rim augmentation can be performed using the
Latarjet procedure and free bone blocks derived from other
sources. In a systematic review of short-term complications
of the Latarjet procedure, Hurley et al18 found an overall
complication rate of 6.1% (1.9% graft related, 1.1% hard-
ware related, 1.1% wound related, 0.9% nerve related,
and 1.2% other complications) and 6.8% for the open and
arthroscopic Latarjet procedures, respectively. Cho et al8

further confirmed this overall complication rate to be
6.5% and noted rates of 1.5% for dislocation events and
1.0% for subluxation events. Griesser et al16 added that
this rate may be as high as 30%, with dislocation and sub-
luxation rates of 2.9% and 5.8%, respectively. As an alter-
native to the Latarjet procedure, which involves
nonanatomic reconstruction of the glenoid, techniques
using free bone blocks for glenoid reconstruction were
developed.15 Comparative meta-analyses by Gilat
et al14,15 showed that bone block procedures, using an allo-
graft or autograft, have comparable rates of recurrent
instability and other complications with the gold standard
Latarjet procedure. Their resorption rate, as noted by Zhu
et al,52 may, however, be significantly higher than that for
the DTA procedure (90.5% vs 36.5%, respectively). Our
study corroborates the safety profile of free bone block pro-
cedures, particularly the DTA, and perhaps even makes
the DTA the more favorable alternative, given its slightly
lower rates of postoperative shoulder instability events.

Free bone block procedures also result in greater
improvement in clinical outcomes. Gilat et al,14 for
instance, found a statistically greater increase in ASES
scores after free bone block procedures compared with
the Latarjet procedure (32.9 vs 10.4, respectively). In
another meta-analysis of 29 studies, Wei et al47 likewise
reported increases in the Rowe score, ASES score, Con-
stant score, Subjective Shoulder Value, and Oxford Shoul-
der Instability Score by 53.2, 31.8, 20.8, 38.6, and 4.1
points, respectively, after treatment with free bone grafting
for anterior shoulder instability with bone loss. Our findings
parallel these results from previous studies, both in magni-
tude and in statistical significance. ASES, SANE, WOSI,
and VAS scores were additionally above the previously
established minimal clinically important differences of 9.6,
12.4, 12.1, and 1.7, respectively, for the Latarjet procedure;
similar minimal clinically important difference values were
not available for the other clinical outcome measures or for
the DTA procedure in particular.22 Only the SST score did
not show any statistically significant improvement. This
result may be because it was only reported in 2 studies
meeting the current study’s criteria or because it used
a 12-item yes/no questionnaire to assess subjective pain,
unlike the other measures that used a multiple-choice ques-
tionnaire to capture the large breadth of patient responses.
Except for the SST, good clinical outcomes were noted
across the measures, highlighting the clinical utility and
effectiveness of a DTA.

Such preoperative and postoperative comparative anal-
yses were not possible for the functional outcomes exam-
ined in the present study because of the lack of complete
preoperative ROM data across the 8 eligible studies. A pre-
vious systematic review of the Latarjet procedure for failed

Bankart repair by Lho et al20 found postoperative forward
flexion and external rotation to be between 163.8� and
174.4� and between 37.0� and 60.3�, respectively. Sinha
et al38 similarly found ROM for abduction, flexion, exten-
sion, external rotation, and internal rotation after the
Latarjet procedure to be 171.3�, 171.2�, 35.4�, 83.6�, and
74.1�, respectively. These values for ROM, with the excep-
tion of extension, are much higher than those noted for the
DTA procedure in the present study (137.9�, 160.1�, 50.3�,
56.2�, and 53.9�, respectively). This discrepancy may be
a result of possible variations in surgical techniques, cap-
sular/soft tissue management, and postoperative rehabili-
tation protocols between the 2 approaches. The inclusion
of mainly revision DTA cases among the studies included
in the postoperative ROM analyses, which may be associ-
ated with underlying stiffness and weakness due to recur-
rent instability, may have played a role as well. However,
this point could not be explored further because those stud-
ies did not stratify ROM results by index and revision DTA
procedures.

This study has several limitations. First, although we
searched several databases with different combinations of
keywords, it is possible that some relevant articles may
have been left out from the study. Second, the studies
included were level 3 (37.5%) and level 4 (62.5%), and
most (62.5%) had a high risk of bias, which may have lim-
ited the validity of the performed analyses; this, however,
is a testament to the recent application of this surgical pro-
cedure and expected paucity of available literature. Third,
the data provided by the included studies did not distin-
guish the application of a DTA in the primary or revision
setting. Stratifying these groups in the future may provide
enhanced clinical recommendations for this procedure.
Fourth, various techniques have been described for the uti-
lization of a DTA including the original open deltopectoral
approach and the minimally invasive novel and standard
arthroscopic portal approach; the heterogeneity in techni-
ques within the studies included in this analysis may
have further introduced variations in outcome.37,41,51

In conclusion, the DTA procedure was associated with
a low complication rate, good clinical outcomes, and improved
ROM among patients with anterior shoulder instability and
associated glenoid defects. These findings, when contextual-
ized with all the outcome data published for the gold stan-
dard Latarjet procedure, suggest that the DTA procedure
may be a promising alternative for the management of ante-
rior shoulder instability with glenoid bone loss.
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